THE subject which I have been asked to bring up for consideration is one that has as yet not been fully worked out, but the work that has been done has brought to light facts and raised questions that may be of the greatest importance in some of the graver disorders of pregnancy. There are three papers or groups of papers in which, in Germany and America, attention has been called to the significance of the high proportion of the excreted nitrogen that may take the form of ammonia salts in the urine during pregnancy. The first of these is the work of Zweifel [20] . He found in eighteen successive cases of eclampsia that the nitrogen excreted as urea formed a smaller proportion of the total nitrogen than is the case under normiial conditions (from 27 to 70 per cent., instead of about 87 per cent.), while the ainmonia nitrogen was high (in one case as high as 16'5 per cent., the norimal quantity on a normal diet amounting to not more than 5 per cent. and commonly even less than 4 per cent.).
Zweifel has interpreted these figures in ways that are not altogether in harmony with current views, and mnore particularly ascribes the high percentage of ammonia to the excretion of lactic acid, which he regards as the cause of the eclampsia. He finds lactic acid commonly in eclampsia both in the urine and in the blood. In three cases he found more in the placental blood and in three cases more in the foetal blood qnh-23 from the umbilical cord than in the nmaternal blood. On these grounds he thinks the acid is produced in the child and causes poisoning of the mother and is not produced in the mother as a result, for instance, of the fits. Again, in four cases the lactic acid was found in the urine before the fits, and similarly in two cases in the blood. . The Now lactic acid has been repeatedly found in the urine of epileptic patients. Inouye and Saiki [11] examined the urine passed one or two hours after epileptic fits on several occasions in each of seven epileptic subjects and found lactic acid every time, and in much higher concentrations than Zweifel, up to 1 per cent., or twenty times the amount in the case quoted above. In the intervals between the fits lactic acid could not be found, so that the conclusion drawn is not that the acid is the cause of epilepsy, but that it is produced in the muscles as a consequence of the impeded respiration. There is much evidence that this is the consequence of deficiency in the supply of oxygen to the muscles. After removal from the body the muscles, it is well known, produce lactic acid, but this is not the case if a free oxygen supply is maintained; and if lactic acid has been formed the excised muscles, when supplied with oxygen, are able to cause its disappearance [10] ; or if in a living animal the circulation through the hind limbs is interfered with, the venous blood from those parts is found to be charged with lactic acid. It is true that normally the urine contains no detectable amount of lactic acid, and normal blood at most a trace; but 0 3 per cent. was found in a case of normal but protracted labour [3] . It is also necessary to remember that the estimation of lactic acid in urine and blood is very imperfect. If lactic acid in known amount be added to blood and the amount estimated the result is, it may be, 50 per cent. too low, and with urine the results are even less satisfactory still [3] , so that it is not possible to attach very great significance to differences between the amounts found in blood from different sources when the amounts are so small. And even granted that the amount in the foetal blood is sometimes larger than that in the maternal, this is no less than might be expected from the interference with the fcetal circulation liable to occur during delivery. Much the fullest and most valuable set of analyses of the urine in pregnancy is that given by Ewing and Wolf [6] . In addition to the determination of the total amount of nitrogen in the urine, and the amount of that which was present in the form of ammonia, they estimated also the urea, uric acid and creatinine, and consequently were able by subtraction to form an idea of the amount of nitrogen not accounted for by any of these substances. Their cases are divided by them into six groups. The first two groups exhibited no abnormal symptoms, but while the urine from Cases 1 and 2 gave normal or almost normal figures, the second group, Cases 3 to 6, showed signs of the abnormal distribution of the excreted nitrogen, which is, in varying degrees, characteristic of the remaining groups.
The next six cases, group C, were clinically alike in that they were all characterised by severe vomiting lasting for a considerable time in the early months of gestation. In the urine of all of these the urea nitrogen forms a low percentage of the total nitrogen. In two-thirds the ammonia is high, in one case very high; but in all six the undetermined nitrogen is uniformly high even in the two cases with normal ammonia coefficients.
The fourth group of cases were clinically different from these; although vomiting was commonly a pronounced feature in them, too, it came on for the most part later in pregnancy, and was accompanied by albuminuria and other signs of renal failure, high tension pulse, indigestion, temporary blindness, headache, or cedema. These cases of pre-eclamptic toxaemia gave somewhat different figures. The ammonia coefficient was comparatively low, if not normal, and only on one occasion in one of the cases reached double figures. Nevertheless the amount of urea was too small, and for the reason that the undetermined nitrogen was in excess. In two-thirds of the cases more than 20 per cent. of the nitrogen of the urine occurred in compounds of undetermined nature on some of the days for which the data are given.
The fifth group is composed of eight cases of eclampsia, of which five recovered and three were fatal. Here, too, the tables show that the output of ammonia was frequently not excessive-in half the cases it did not reach double figures. And yet though the undetermined nitrogen was higher than normal it formed more than 20 per cent of the total nitrogen in only one of the cases, which case recovered. In another case that died the figure would certainly have been high had the analyses been complete. The last group of four cases of acute yellow atrophy showed similarly irregular figures for the distribution of the excreted nitrogen. But the cases in both these two groups were not sufficien-tly long under observation for the analyses to have the value which attaches to those carried out on the cases in the third and fourth groups. Vomiting one week; jaundice; delivery, followed by coma and death in fortyeight hours; liver necrosed.
' Two days after delivery.
It is in the very full and often extended observations of the urine in the third and fourth of the above groups of cases that the great interest of this work lies, for though the cases with one exception were not actually fatal they were obviously serious, and in some instances would no doubt have ended fatally if the pregnancy had not been terminated.
The two types of abnormality are fairly distinct. One is characterised by severe vomiting in the early months with high ammonia coefficients and generally large amounts of undetermined nitrogenous substances, but no renal affection. The cases described by Williams emphasise the gravity of this condition, described as toxaemic vomiting, and with their very high ammonia coefficients give further significance to this abnor-mality of the urine. The other is an affection of the later months, in which the vomiting is secondary to renal complications, a pre-eclamptic condition in which the urine does not commonly have a particularly high ammonia coefficient, though the undetermined nitrogen appears to be very abundant.
The question raised is: How far are these abnormalities in the urine diagnostic indications of the gravity of the disorder ? Do they lie at the root of the malady, as early fundamental symptoms of a disturbance of metabolism, of which, it may be, yellow atrophy or conditions of that order of gravity on the one hand, and eclampsia on the other, may be merely the final climax ? If that is so, of course the importance of exact analysis of the urine in pregnancy is obvious, and Williams may be right in suggesting that an ammonia coefficient of 10 per cent. or m.ore should perhaps be taken as an indication for the termination of the pregnancy.
High ammonia coefficients are well known to occur in a number of conditions. In the following table (III.) are some figures obtained by and Wolf was also very low. In Case 11, when the ammonia coefficient was 21 per cent., the total nitrogen amounted to only 3'3 g., so that the total NH3 was 0'69. And in these cases, besides a low intake of proteid, the supply of food in other forms was, owing to the vomiting, also low, which was not the case in Folin's subjects on the starch and cream diet. Now starvation is another of the conditions in which not only high coefficients but large absolute amounts of ammonia are observed. This is illustrated by the figures given in Table IV ., taken In all these conditions the excess of ammonia appears in the urine because the acids produced in metabolism, failing to find fixed alkalies to neutralise them, are neutralised by ammonia that would otherwise have been converted into urea. The acids may either be derived from the oxidation of sulphur or phosphorus set free from broken-down proteid, or may be organic acids that in disordered metabolism-in diabetes, for instance or in deprivation of carbohydrate food, with or without complete starvation, have to be excreted because they are not oxidised to carbonic acid. Carbonic acid can be removed without loss of bases, whereas the unburnt organic acids must be excreted as neutral salts, and so carry out with them fixed alkali; and it must be remembered that acidosis, if by that we mean merely the excretion of excessive amounts of ammonia that would otherwise be converted into urea, may be due to a shortage of fixed bases as much as to an excess of acids. The salts of organic acids in ordinary diets supply the fixed bases required for removal of sulphuric and phosphoric acids as well as any organic acids that may escape combustion, and a diet poor in such salts must lead to an output of ammonia that would otherwise have appeared as urea. This is probably the explanation, at least in part, of the high NH3 coefficients in Folin's subjects on a diet which, though plentiful, consisted only of starch and cream (Table III. This same factor, deficiency of alkali, conies into play in some degree in prolonged vomiting, severe diarrhoea (when the stools ma,y be actually alkaline), and in diabetes even, in which the loss of magnesium and calcium-i due to the prolonged drainage of bases by the unburnt organic acids, especially /8 oxybutyric acid, has been frequently noted. It ilmay even be the case that the pathology of acidosis turns upon this drainage of bases from proteids and substances of a similar complexity, the needs of which for fixed bases in the proper execution of their functions are not to be measured by the comparatively slight acid character stamlnped upon themii. They are comimionly also basic in character as well, and in the absence of fixed alkali ma,y be ha,mpered in their activities by having to play the base to each other's acid.
Another possible significance that may be attached to an increase of the anmmionia in the urine is associated with the function of the liver in converting aiiimmonia and carbonic acid into urea. The effect of removing the liver in birds is to cause two-thirds of the nitrogen to be excreted as amlmionia, and in dogs Nencki and Pavloff found that after Eck's operation the ammonia in the urine rose till it formed '20 per cent. of the total nitrogen contained in it. The association of acute yellow atrophy with pregnancy, and of the lesions in the liver characteristic of that disease with the cases of toxmmic vomiting described by Williamns, have been sometimes regarded as indications for attributing the abnormalities of the urine in pregnancy to disturbance of hepatic functions. But there is less justification for supposing that disease of the liver is likely to lead to a dimliinished formation of urea than is often admitted. In severe cirrhosis of the liver Weintraud found normal figures for the aimminonia coefficient commonly in all but the final stage, and though cases are on record where higher values have been found (Hallervorden, 14 to 2'5 g. per diemn; Morner and Sj6qvist, 2.4 g. per diem-9.5 per cent.; Fawitzki.
five cases, ranging from 7.6 per cent. to 175 per cent.; Schubert, one case, always more than 10 per cent. and once 175 per cent.), nevertheless Weintraud found that even when the coefficient was high the administration of ammonium salts led to an increased output of urea and not of amlmonia, j (lst as is normal. This, therefore, points to the excess of ammonia in the urine being due not to failure of the liver or other organs to convert it into urea, but to the presence of unburnt acids in the urine. So, too, in yellow atrophy itself, though, as in Ewing and Wolf's cases, there is generally an abnornial amount of ammonia, only one case is recorded, so far as I have discovered, where it amounted to more than 20 per cent. of the total nitrogen (Miinzer 37 per cent). But Miinzer, who studied the urine of a case of phosphorus poisoning in detail for several days, and found amimiionia coefficients varying fromll 8 to 18 per cent., was able, by administering on two successive days 6 g. of sodiui bicarbonate, to reduce the output on the first day from 16'6 per cent.
to 11 per cent., and on the second to 6 2 per cent. This certainly seemiis to point to the high figures here, too, being due not to a defective formation of urea but to the excretion of acids that should have been converted into carbonic acid.
So far, therefore, as the amnmonia figures in the disorders of pregnancy are concerned, before it can be safely maintained that these high figures are a sign in thenmselves of a toxemmia that is likely to prove fatal unless the most active nmeasures be taken, it is necessary to prove that they are not sufficiently accounted for by sonme of the attendant circumstances of the patient's condition: the low nitrogen content of the absorbed food, the imperfect nutrition due to the incessant vomiting, the loss of alkali in the vomit, aggravated possibly by the requirenments of the fcetus. The facts that the high figures may occur without any symptom of general disturbance (Ewing and Wolf's cases, 3 to 6), and that there mnay be profound disturbance with normal figures (ibid., Cases 10 and 12, the latter fatal), are difficult to reconcile with such a view. In some of the recorded cases acetone is muentioned as having been detected, which is no more than could be expected, and, therefore, the acids associated with acetone were probably present in sufficient quantity to account for some of the excess of anmmonia. The valuable data contained in Ewing and Wolf's paper, and the stray observations outside it, point to the necessity of decisive experimental work before their pathological significance can be positively defined.
The other abnornmality of the urine. the large output of unknown substances containing nitrogen, is lmore striking and inuore suggestive, for this does not appear among the results of mere starvation, as the figures given by Cathcart (Table IV.) show. The only substances that have been detected giving rise to variations in the nitrogen in this category are amido acids, and though, of course, this does not warrant a prejudice as to the meaning of the figures in disorders of pregnancy, if the pressure of amido acids in abnorm--al amounts were proved, it is possible that some of. the abnormal aimmonia figures might be explained in that way, and that the tendency to associate the abnormality of the urine with disturbance of hepatic functions, and to regard it with suspicion as a sign of danger from that quarter, would be strengthened. It is to be remembered that Ewing and Wolf's first six cases, in which no symptoms were present, all showed high figures in this column, at any rate occasionally, so that it is not clear that great importance should be attached to these facts. On the other hand, it may be noticed that all the cases in which there is a note of jaundice occurring were cases in which particularly high figures under this heading were observed.
But it must be confessed that up to the present time such complete analyses as those given by Ewing and Wolf have been carried out for very few, if any other, pathological conditions, and till more is known of the kind of figures which other diseases present in this respect, and more than that, till the nature of the substances referred to as undetermined has been defined, it is hardly legitimate to speculate upon, much less to draw inferences from, variations in the amount of unknown substances, which may or may not be the same in any two cases. The only admissible justification for attempts to interpret this phenomenon will be definite work on the subject.
DISCUSSION.
Dr. BEDDARD said that a distinction should be drawn between acidosis and acute acid intoxication. By acidosis was meant a condition in which an abnormal quantity of organic acids escaped oxidation and appeared in the urine.
Such a condition might go on for months, or even for years, without producing marked symptoms or a fatal result, as in diabetes and acute starvation. But acute acid intoxication was a condition with which life was not compatible. Therefore, if serious symptoms were to be attributed to acidosis by lactic acid, a substance which is not toxic apart from its action as an acid, it was necessary to show that the acidosis led to acute acid intoxication of the body; with the possible exception of diabetic coma this has not been shown to be the case in any disease. With regard to the question of ammonia, this was present in the urine solely because it had to neutralise acids formed in the body. No matter how much ammonia a person had in his urine, if he were given a sufficient quantity of sodium bicarbonate by the mouth all of it, except a trace, would be got rid of. In many cases the acids were inorganic, and it was only when ammonia was oxidising organic acids that one should speak of acidosis. Folin's -Dr. LEATHES, in answer to Dr. Beddard, said he was glad to find that that speaker felt much as he did himself in the matter. It was impossible at this stage to say that the figures shown were fundamentally related to the causation of the disturbances; they might be purely incidental and due to a variety of causes. He did not regard the high ammonia coefficients as a sign of true acid intoxication. It would be much more interesting if one knew the meaning of the high percentage of undetermined nitrogen wnich was present in the urine.
Dr. BAINBRIDGE said there was not much left for him to say on the subject, but one or two points in Dr. Leathes's remarks might be referred to. With regard to starvation accounting for the high coefficient of nitrogen, it was interesting to note that the ammonia coefficient could be considerably reduced by giving carbohydrate in pernicious vomiting, and that starvation did exist in pernicious vomiting could be shown by the very low nitrogen output and by the patient's wasting. But there were other factors which contributed to that high ammonia coefficient. Dr. Leathes referred to the retention of bases, and he (Dr. Bainbridge) thought that might possibly play a considerable part in the condition. It certainly influenced the ammonia coefficient in diabetes, because that coefficient in diabetes did not by any means correspond to the amount of acid which had been or was being excreted. And when the acid fell, as it might do under various conditions, the ammonia coefficient remained high for some time, and then fell much more slowly. That he believed to be due to the fact that the calcium and magnesium were now being retained, and the ammonia figure remained high, so as to diminish the loss of those bases; and he thought the same thing might happen in pregnancy, so that both those factors could influence the ammonia coefficient in pregnancy. If the subjects of pernicious vomiting were starving the probability was that their urine would contain acetone bodies, and such had been found, though they had not been very systematically looked for. They might to some extent influence the ammonia coefficient. Dr. Beddard had referred to the point he had intended to mention, namely,. Jackson and Pierce's experiments with hsemolytic sera, in which serious lesions of the liver, closely simulating those seen in pernicious vomiting, produced no effect on the ammonia coefficient. But they found one fact which had a relation to the figures shown by Dr. Leathes, namely, that the undetermined or residual nitrogen was very high. That they attributed to autolysis, the products of the necrosis of the liver being excreted in some form other than either ammonia, uric acid or creatinine. And it seemed possible that some of that residual urinary nitrogen which was found in toxoemic vomiting -might be coming from a necrosed liver, though he did not know that such was the case. With regard to the practical application of those figures, he could see no value in an isolated examination of the ammonia and total nitrogen in the urine in a patient suffering from pernicious vomiting; and when one considered what a careful interpretation was required of a series of figures resulting from a complete analysis, it would be agreed that the facts were not yet ripe to justify the taking of any practical steps as a result of examination of the urine, and certainly not unless such examination were very complete.
